A motile, rod-shaped, pale-brown-pigmented bacterium, designated strain C4 T , was isolated from seawater collected from the South Sea (Republic of Korea). Cells were Gram-negative, facultatively anaerobic, and catalase-and oxidase-positive. The major fatty acids were summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH; 19.4 %), C 16 : 0 (16.3 %), C 17 : 1 v8c (9.5 %) and iso-C 15 : 0 (7.7 %). The DNA G+C content was 40.8 mol%. A phylogenetic tree based on 16S rRNA gene sequences showed that strain C4
, was isolated from seawater collected from the South Sea (Republic of Korea). Cells were Gram-negative, facultatively anaerobic, and catalase-and oxidase-positive. The major fatty acids were summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH; 19.4 %), C 16 : 0 (16.3 %), C 17 : 1 v8c (9.5 %) and iso-C 15 : 0 (7.7 %). The DNA G+C content was 40.8 mol%. A phylogenetic tree based on 16S rRNA gene sequences showed that strain C4
T formed a lineage within the genus Shewanella (92.7-96.1 % sequence similarity to representative strains of the genus Shewanella) and was part of a distinct branch with the clade comprising Shewanella haliotis DW01 T and Shewanella algae ATCC 51192 T . Phenotypic characteristics enabled strain C4 T to be distinguished from S.
haliotis and S. algae. On the basis of the data presented in this study, strain C4 T represents a novel species, for which the name Shewanella marina sp. nov. is proposed. The type strain is C4 The genus Shewanella is a member of the class Gammaproteobacteria (Anzai et al., 2000) and comprises a group of Gram-negative, motile, rod-shaped, oxidasepositive, non-fermentative and facultatively anaerobic aquatic and marine bacteria (Bowman, 2005; Gauthier et al., 1995; MacDonell & Colwell, 1985; Venkateswaran et al., 1999) . At the time of writing, the genus Shewanella comprised 47 recognized species (http://www.bacterio. cict.fr/s/shewanella.html). Strains of the genus Shewanella have been isolated from a variety of sources, i.e. marine environments including seawater, sediment, invertebrates and fish (Bowman et al., 1997; Bozal et al., 2002; Brettar et al., 2002; Gao et al., 2006; Gram et al., 1987; Gram & Huss, 1996; Hirota et al., 2005; Ivanova et al., 2001 Ivanova et al., , 2003a Ivanova et al., , b, 2004a Kim et al., 2007; Lee et al., 2006; Leonardo et al., 1999; Makemson et al., 1997; Miyazaki et al., 2006; Myers & Nealson, 1988; Nealson et al., 1991; Nogi et al., 1998; Satomi et al., 2003 Satomi et al., , 2006 Satomi et al., , 2007 Simidu et al., 1990; Skerratt et al., 2002; Stenström & Molin, 1990; Toffin et al., 2004; Venkateswaran et al., 1998 Venkateswaran et al., , 1999 Xiao et al., 2007; Yang et al., 2006 Yang et al., , 2007 Yoon et al., 2004a, b; Ziemke et al., 1998; Zhao et al., 2005 Zhao et al., , 2006 Zhao et al., , 2007 , clinical samples (Brink et al., 1995; Debois et al., 1975; Holmes et al., 1975; Levin, 1972; Nozue et al., 1992) , oilfield fluids (Semple & Westlake, 1987) and activated sludge (Xu et al., 2005) .
Members of this genus are known to play important roles in co-metabolic bioremediation of halogenated organic pollutants (Petrovskis et al., 1994) , destruction of crude petroleum (Semple & Westlake, 1987) , the dissimilatory reduction of manganese and iron oxides (Myers & Nealson, 1988) and production of high proportions of polyunsaturated fatty acids (Russell & Nichols, 1999) . They have also been implicated as opportunistic pathogens of humans and aquatic animals (Aguirre et al., 1994; Brink et al., 1995) and as the causal agents of proteinaceous food spoilage (Jørgensen & Huss, 1989) .
In the course of our study on the microbial diversity of seawater, a rod-shaped bacterial strain, designated C4 T , was isolated and was the subject of a taxonomic investigation. On the basis of evidence from polyphasic taxonomic studies, strain C4
T is considered to represent a novel species in the genus Shewanella.
Strain C4
T was isolated from seawater collected from the South Sea near Gwangyang (34 u 519 N 128 u 479 E), Republic of Korea, using the standard dilution plating technique. Isolation was achieved on marine agar (MA; Difco) (Yang et al., 2006) at 30 u C for 7 days. The isolate was cultured routinely on MA and maintained at 280 u C as a suspension in marine broth (MB; Difco) containing glycerol (20 %, w/v).
Bacterial DNA preparation, PCR amplification and sequencing of the 16S rRNA gene were carried out as described previously (Chun & Goodfellow, 1995) . The resulting sequence of strain C4
T was aligned manually against sequences obtained from GenBank. Phylogenetic trees were inferred from the regions available for all sequences (positions 38-1450; Escherichia coli numbering system) using the Fitch-Margoliash (Fitch & Margoliash, 1967) and neighbour-joining (Saitou & Nei, 1987) methods. Evolutionary distance matrices were generated according to Jukes & Cantor (1969) . The resultant neighbour-joining tree topology was evaluated by bootstrap analyses (Felsenstein, 1985) based on 1000 resamplings. Alignment and phylogenetic analyses were carried out using the program JPHYDIT (available at http:// plaza.snu.ac.kr/~jchun/jphydit/) and PAUP 4.0 (Swofford, 1998) as described previously (Chun et al., 2000) . T (95.6 %); similarities to other members of the genus Shewanella were 92.7-95.6 %. To elucidate the phylogenetic relationship between the novel isolate and other members of the genus Shewanella, phylogenetic trees were constructed using two different tree-making algorithms. The neighbour-joining tree ( Fig. 1) showed that strain C4 T formed a distinct branch with the clade comprising S. algae ATCC 51192 T and S. haliotis DW01 T , which was also observed in the Fitch-Margoliash tree (data not shown). On the basis of 16S rRNA gene sequence similarity data and the results of the phylogenetic analysis, it is clear that our isolate represents a novel genomic species within the genus Shewanella (Wayne et al., 1987) .
As 16S rRNA gene sequence similarities between strain C4 T and recognized Shewanella species were below the level indicative of relatedness at the species level (97 %; Stackebrandt & Goebel, 1994) , no DNA-DNA hybridization tests were needed to define a novel species.
Growth on various standard bacteriological media was tested on nutrient agar (NA; Difco), tryptic soy agar (TSA; Difco) and R2A agar (Difco) according to the manufacturer's instructions. Cells grown at 30 u C for 2 days were observed using a differential interference microscope (BX50; Olympus) and a scanning electron microscope (S-4800; Hitachi). Cells of strain C4
T grown on MA at 30 u C for 3-7 days were used for physiological and biochemical tests. Motility was examined by observing cells grown in wet mounts using a phase-contrast microscope (DS-Fi1; Nikon). The requirement for sea salts (0-10 %; Sigma) for growth was tested using synthetic ZoBell medium (15 g Bacto agar, 5 g Bacto peptone, 1 g yeast extract, 0.1 g ferric citrate in 1 l distilled water). The pH range for growth was determined in ZoBell medium that was adjusted to various pH values (pH 3-11, in increments of 1 pH unit) by the addition of HCl and NaOH. Growth at various temperatures (4-50 uC) and growth in an anaerobic chamber (CO 2 /H 2 /N 2 , 10 : 10 : 80 by vol.; Sheldon Manufacturing) were assessed using MA and incubation times of up to 1 week. Catalase and oxidase activities were determined using 3 % (v/v) hydrogen peroxide and Kovacs' reagent (Kovacs, 1956) , respectively. Acid production from glucose was tested as described by Yamaguchi & Yokoe (2000) . Nitrate reduction was tested on MB containing 0.2 % KNO 3 (Skerman, 1967) . H 2 S production was determined on Kligler iron agar (Difco) with 2 % (w/v) sea salts. Hydrolysis of carboxymethylcellulose (1 %, w/v), casein (2 %, w/v, skim milk), egg yolk (10 %, w/v), starch (0.2 %, w/v) and Tween 80 (1 %, w/v) was tested as described by Smibert & Krieg (1994) using MA as the basal medium. Hydrolysis of L-tyrosine (0.5 %, w/v) and xylan (1 %, w/v) was tested using MA as the basal medium (Barrow & Feltham, 1993) . DNase activity was determined with DNase test agar (Difco) containing 2 % (w/v) sea salts. Other biochemical tests and enzymic activities were performed using API 20E and API ZYM kits (bioMérieux) and the GN2 MicroPlate (Biolog) prepared according to the manufacturer's instructions except that bacterial strains were suspended in distilled water supplemented with 2 % (w/v) sea salts. Antibiotic resistance was determined by the disc diffusion method using commercial antibiotic-impregnated discs (BBL Becton Dickinson). The results were interpreted according to the guidelines set forth by the CLSI (2003).
Cells of strain C4 T were facultatively anaerobic, Gramnegative, motile and rod-shaped ( Supplementary Fig. S1 , available in IJSEM Online). Colonies grown on MA plates for 5 days at 30 u C were circular, convex with entire margins, smooth, opaque, pale brown in colour and approximately 2.0-3.0 mm in diameter. The isolate grew well on MA and R2A, but not on TSA or NA. On MA, strain C4
T was able to grow at 4-37 u C. Detailed results of physiological and biochemical analyses are given in Table 1 and the species description. It is evident from Table 1 that there are several phenotypic characteristics that readily separate strain C4
T from phylogenetically related species.
Cellular fatty acids of strain C4 T grown on MA for 2 days at 30 u C were prepared (in duplicate) and analysed as methyl esters by GLC according to the instructions of the Microbial Identification system (MIDI). For G+C content calculations, DNA samples were prepared in duplicate and the G+C content was determined by using the thermal denaturation method of Marmur & Doty (1962) .
The cellular fatty acid profile of strain C4 T is given in Table 2 . Significant differences in the contents of predominant fatty acids were found between strain C4 T and strains of related species, i.e. summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), C 16 : 0 and iso-C 15 : 0 . The DNA G+C content of strain C4 T was 40.8±0.4 mol%, which is lower than those of S. algae and S. haliotis.
Phylogenetic, genomic, chemotaxonomic and phenotypic data clearly indicate that strain C4
T represents a novel genomic species within the genus Shewanella, for which the name Shewanella marina sp. nov. is proposed.
Description of Shewanella marina sp. nov.
Shewanella marina (ma.ri9na. L. fem. adj. marina marine, of the sea, where the type strain was isolated).
Cells are rod-shaped, Gram-negative and facultatively anaerobic. Cells grow best on media such as MA and R2A. Colonies on MA are circular, convex with entire margins, smooth, opaque, pale brown in colour and approximately 2.0-3.0 mm in diameter after 5 days at 30 u C (pH 7). Cells are motile rods, 0.4-0.561.4-2.0 mm in size. Growth occurs in 2-9 % (w/v) NaCl (optimum, 3 %), at pH 5-10 (optimum, pH 7) and at 4-37 u C (optimum, 30 u C). Oxidase-and catalase-positive. Acetoin is produced. Casein, DNA and Tween 80 are hydrolysed, but carboxymethylcellulose, egg yolk, aesculin, starch, tyrosine and xylan are not. In the API ZYM gallery: alkaline phosphatase, acid phosphatase, esterase (C4), leucine arylamidase, naphthol-AS-BI-phosphohydrolase and trypsin are positive; esterase lipase (C8), cystine arylamidase and valine arylamidase are weakly positive; and N-acetyl-b-glucosaminidase, a-chymotrypsin, a-fucosidase, a-galactosidase, b-galactosidase, aglucosidase, b-glucuronidase, b-glucosidase, lipase (C14) and a-mannosidase are negative. The following carbon sources are utilized (positive with the Biolog GN2 system): DL-lactic acid, L-arabinose (weak), D-glucose (weak), L-rhamnose (weak), citric acid (weak), malonic acid (weak), propionic acid (weak), L-alanine (weak), Lalanyl glycine (weak) and a-hydroxybutyric acid (weak). The remaining substrates of the Biolog GN2 system are not utilized (Supplementary Table S1 , available in IJSEM Online). Cells are sensitive to (mg per disc, unless otherwise indicated) amikacin (30), ampicillin (10), chloramphenicol (30), gentamicin (10), erythromycin (15), kanamycin (30), nalidixic acid (30) and polymyxin B (300 IU), but resistant to penicillin (10 IU), streptomycin (10), tetracycline (30) and vancomycin (30).
Other physiological and biochemical characteristics are given in Table 1 . Major fatty acids are summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH), C 16 : 0 , C 17 : 1 v8c and iso-C 15:0 ; the complete fatty acid composition of the type strain is given in Table 2 .
The type strain, C4 T (5KCTC 22185 T 5JCM 15074 T ), was isolated from seawater collected from the South Sea, Republic of Korea. The DNA G+C content of the type strain is 40.8 mol%.
